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INTRODUCTION 20
Deep-seated landslide complexes are found throughout the world (e.g. Crozier et al. regional dip is to seaward at 1.5º to 2º (White, 1921) . However, both the dip and the height of the 37 strata relative to sea-level are influenced by the St Lawrence syncline, the axis of which runs 38 through the centre of the Undercliff between St Lawrence and Ventnor (Chandler, 1984; 39 Hutchinson and Bromhead, 2002). Slope stability along the Undercliff is controlled by shear 40 surfaces in the weaker stratigraphic layers, most importantly in units 4a and 4b of the Gault 41 This research represents the first use of a reconstructed topography to modify topographic 114 shielding calculations and therefore improve estimates of CN production rate through time. Themethods outlined here are directly transferrable to any site where geomorphological events have 116 altered the topography in such a way that pre-event reconstruction is possible. Establishing the 117 past behaviour of geomorphic systems in this way is useful in understanding environmental 118 forcing and in making predictions regarding future behaviour. 119
METHODS 120
At St Catherine's Point, the mechanism of failure and the bedrock geology are both 121 amenable to cosmogenic dating. The geometry of the rotated block establishes the pre-failure 122 shielding of the backscarp (Fig. 2) , an assumption that often proves problematic in the 123 cosmogenic dating of landslides (Dunai, 2010). We assume that the ~20 m of overlying material 124 provided shielding from muogenic accumulation prior to failure. In the case of multistage 125 failures, ground motion is causing topographic changes to both the source areas as well as to 126 deposited material resulting in changes to topographic shielding during the exposure history of a 127 sample. However, where the failure mechanics of the landslide is well constrained, such as at St 128
Catherine's Point, this can be used to reconstruct the pre-failure topography based on current 129 block geometries. This allows for the modification of topographic shielding effects such that 130 multiple failure stages can be reconstructed. Concentrations of both 26 Al and 10 Be were measured 131 from samples taken from chert beds located in the Upper Greensand as illustrated in Figs. 1 and  132 2. Samples taken from an exposure on the backscarp were used to date the most recent failure. 133
Exposure of the relict backscarp on the south face of the landward block and large boulders 134 sitting on top of the seaward block is thought to be contemporaneous and associated with a major 135 landslide event involving material overlying the Gault Formation on the seaward block as 136 illustrated in Fig. 2 . Samples taken from both are used to date a previous failure stage. 137 Table 2 . 156
Sample preparation

Exposure ages 157
The analytical data and the surface exposure ages for each sample are given in Table 3 . 158
The exposure ages were calculated using the Cronus-Earth online calculator v. (Table 3) . Corrections for sample thickness (4-6.9 cm) assume an exponential depth decrease of 164 in situ production rate and an attenuation length of 160 g cm -2 . 165
Shielding 166
Topographic shielding was calculated by generating a series of azimuth and elevation 167 measurements in order to define the sky view at each site (Dunne et al., 1999; Balco et al., 2008). 168
Sample locations were used in conjunction with high-resolution digital elevation model (DEM) 169 data to create the sky view. These data were augmented with field measurements for samples 170 taken close to very steep slopes in order to address the limitations of DEM data in reproducing 171 these features (e.g. Zhou and Liu, 2004) . We altered our shielding calculations to account for the 172 changes in the surface morphology due to landsliding at the site as indicated in Table 3 . For 173 samples taken from the relict scarp face on the landward block, the DEM data were amended by 174 rotating the current morphology 15º around an axis running parallel to the base of slope as 175 illustrated in Fig. 3A . In addition to the changes in topographic shielding, the change in 176 cosmogenic dose due to elevation (Stone, block motion is a function of apron erosion, this suggests such rates would have been lower in 188 the past. The current geometry is such that the highest inclination angle to the horizon is ~32°. 189
Given that topographic shielding at this inclination angle is minimal, resultant changes to 190 production rates due to small scale movement within the blocks is unlikely to be a significant 191 source of experimental error and this is not considered in our exposure model (e.g. Dunne et al., 192 1999) . (Fig. 4) . Of the three 211 that do not meet this criterion, SCARP2 and SB2 plot above the steady-state erosion island and 212 are therefore considered to reflect measurement errors as a consequence of the high natural 27 Al 213 content. Sample LB2 is indicative of rapid burial for ~1.5 Ma which is not possible at this site. 214
This sample is interpreted as having a complex exposure history and is therefore not used in our 215 exposure model. Discounting these three samples, the 26 Al data indicate the most recent failure 216 14 C years is more difficult to interpret. The main problem with using the 243 dates of deposited woody debris to reconstruct landslide activity is the assumption that tree death 244 is contemporaneous with landsliding and deposition which may not be the case with this sample. 245
The study area would have been undergoing significant changes during the mid-Holocene due to 246 both ground instability and sea-level rise. The age of this sample can be linked to the inundation 247 of the near shore due to sea-level rise and an examination of the Mollusca present within the soil 248 column at the sea cliff indicates a shaded environment (Preece,1986) . It is therefore likely that 249 the coastal slope was forested prior to inundation by rising sea-levels and landsliding in the mid 250
Holocene. This tree was likely felled due to the previous landslide stage forming the lower strata 251 of the debris apron or sea water inundation. However, the sample suggests that the lower 252 landslide deposits of the debris apron were in place prior to 4490 ± 40 14 C years ago. 253
Based on the timing of relative sea-level rise and the radiocarbon data provided by Preece 254 (1986) , it is likely that initial reactivation of the landslide complex at St Catherine's point 255 occurred between ~5000 and ~4500 years ago. Following this initial failure, we date the next 256 event at 3471 ± 366 10 Be years based on the exposure ages of the relict scarp face on the 257 landward block and the boulders located on top of the seaward block. The data therefore suggest 258 that the period immediately following the resumption of marine erosion at the site was very 259 active with two major events within ~1500 years. The debris apron would then have acted to 260 protect the site from marine erosion, with ~2500 years passing before the most recent failure 261 (Fig. 5) . 262
CONCLUSIONS 263
Our results indicate that the current morphology of St Catherine's Point was formed by a 264 landslide event 1064 ±348 10 Be years ago. This was the most recent of at least two major 265 landslide events which have occurred at the site since sea-levels stabilized in the mid-Holocene. 266
We date a previous event to 3471 ± 366 10 Be years, or roughly 1500 years after sea-level 267 stabilization. Radiocarbon dating of a tree log in the debris apron (Preece, 1986 ) and the 268 stratigraphy of the debris apron suggests there may have been another major failure at the site 269 immediately following the stabilization of relative sea-level 5000 years ago. Based on these 270 results, the system shows high sensitivity to marine erosion. However, landslide deposits such as 271 the debris apron act as a negative feedback to this process as they both defend the base of slope 272 from erosion and provide confining stress to the blocks. Erosion of the debris apron is therefore 273 
